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fforts to reduce the vascular complications of type 2 diabetes have focused on tighter control of blood glucose. Unfortunately, the U.K. Prospective Diabetes Study did not demonstrate that this strategy significantly reduced cardiovascular events (1) . Obviously, it is possible that even better control of blood glucose may be necessary to prevent macrovascular disease in type 2 diabetes. However, it is also possible that the dyslipidemias that frequently occur in these patients might play a critical role in producing the accelerated macrovascular atherosclerotic disease that is, unfortunately, so common. If so, their features need to be understood in detail.
It has been known for some time that type 2 diabetes is frequently associated with dyslipidemia. The major features that were initially appreciated were hypertriglyceridemia, low HDL cholesterol, and normal LDL cholesterol (2) . Therefore, it appeared to be a problem of VLDL and HDL particles but not of LDL particles. More recently, it was found that small dense LDL particles are often present in type 2 diabetes (2). This is an important change in focus because an extensive series of mechanistic studies have established that small dense cholesteroldepleted LDL particles are more atherogenic, particle for particle, than normal and more buoyant cholesterol-enriched LDL particles (2) .
Although abnormal LDL composition has gained notice, much less attention has been paid to the issue of LDL particle number. This gap in knowledge is important because increased numbers of small dense LDL particles in association with hypertriglycerides, which in combination constitute hypertriglyceridemic hyperapoB, is one of the most common dyslipidemias associated with premature vascular disease (2) . Moreover, the risk of disease is much greater in those with hypertriglyceridemia and increased numbers of small dense LDL than in those with hypertriglyceridemia and normal numbers of small dense LDL particles (2) . Unfortunately, there are relatively few data on apoB levels using standardized assays in patients with type 2 diabetes. Recent
studies suggest apoB levels are at least moderately increased on average (3) (4) (5) . However, only one study has analyzed a cohort in terms of phenotypes, and the approach in that instance was based on lipoprotein lipids (3) .
Accordingly, we measured plasma and lipoprotein lipids, plasma apoB and -A1, and LDL size in a large cohort of patients with type 2 diabetes. We phenotyped our patients not only by the conventional approach but also based on triglycerides and apoB (2) .
RESEARCH DESIGN AND
METHODS -Lipid and apoprotein measurements were carried out at the Canadian External Quality Assessment Laboratory in Vancouver, British Columbia using standardized methods. HDL values were determined using a designated comparison method (6) . Triglyceride levels were determined using an enzymatic free, glycerol-blanked assay, which is traceable to the Centers for Disease Control Chromotropic Acid Triglyceride Reference method. The between-day coefficients of variations (CVs) for all of these assays were Ͻ2.0%. LDL cholesterol was obtained by Friedewald calculation (7). ApoA1 and -B were immunochemically determined using a Dade Behring nephelometer. Calibration and IQC materials for this method were traceable to the World Health Organization/IFCC International Reference accuracy base for apoA1 (SP1-01) and apoB (SP3-07). The between-day CVs for the measurement of apoA1 were 3.34% at 129 mg/dl and 3.31% at 205 mg/dl. The between-day CVs for the measurement of apoB were 2.72 and 2.49% at 194 and 126 mg/dl, respectively. HbA 1c was determined using a latex-enhanced turbidimtetric immunoassay that was operated on a COBAS chemistry analytical system. LDL peak particle size was determined by nondenaturing 2-16% polyacrylamide gel electrophoresis using a modification of procedures previously described (8) .
The patients were divided into four groups based on triglyceride and apoB levels. The cutoffs used to define the four phenotypes were 1.5 mmol/l for triglycerides and 120 mg/dl for apoB. A value of 1.5 mmol/l for triglycerides was chosen because it is at this level that small dense LDL particles become common (9) . A value of 120 mg/dl for apoB was chosen because this approximately represents the 75th percentile value for individuals of this age (10,11), and it is the level at which subjects were separated and analyzed in regard to risk in the Framingham Study (11) and the Quebec Cardiovascular Study (12) . For comparison, patients were also categorized by LDL cholesterol and triglycerides. For these analyses, levels of 1.5 mmol/l for triglycerides and 4.0 mmol/l for LDL cholesterol were chosen (the LDL cholesterol value approximately represents the 75th percentile of the study population) (13) .
Means and SDs are reported for continuous variables, whereas frequencies and percentages are reported for categorical variables. Student's t tests were used to test for differences in continuous variables between two groups, such as men and women. F tests were used to test for differences in continuous variables among more than two groups, such as the four phenotypes.
2 tests were used to test for differences in categorical variables. P values associated with the tests are reported. Tukey's test was conducted to test for differences in the variables between pairs of phenotypic groups. Statistical analyses were conducted in SAS and S-plus.
RESULTS -Of the 249 subjects, 132 (54%) were men and 113 (46%) were women. None were taking any medication that was known to affect lipoprotein levels. The characteristics of the cohort are given in Table 1 . All were being treated with insulin, though not optimally, as indicated by HbA 1c levels. Obesity was common, even more so in women than in men. Otherwise, there were no significant differences between the sexes.
The mean values for lipids, lipoprotein lipids, apoproteins, and LDL peak size are also shown in Table 1 . Total and LDL cholesterol were normal, triglycerides were elevated, and HDL cholesterol was within normal limits. The average LDL cholesterol and apoB levels are discordant with respect to those found in the general population. Thus, the average LDL cholesterol level is between the 25th and 50th percentile (13) , whereas the average apoB is between the 50th and 75th percentile of the general population (10) . This discordance suggests that small, dense LDL particles are present, and this hypothesis was confirmed by the estimates of LDL peak size. Of interest, dyslipidemia is more pronounced in women than in men, as evidenced by significantly higher total cholesterol, total triglycerides, and apoB. On the other hand, there was no significant difference in LDL cholesterol, and HDL cholesterol was significantly lower in men than in women. On the other hand, HDL cholesterol was below the 25th percentile in women but not in men (13) .
Based on plasma triglycerides and LDL cholesterol, the cohort was divided into four phenotypes: normal, normotriglyceride-increased LDL cholesterol, hypertriglyceride-normal LDL cholesterol, and hypertriglyceride-increased LDL cholesterol. Using the conventional classification, these correspond to normal, type IIA hypercholesterolemia, type IV hyperlipoprotemia, and type IIB or combined hyperlipidemia. These findings were compared with those obtained with phenotypes based on plasma triglycerides and apoB. Again, there were four phenotypes: normal, normotriglyceridemic hyperapoB, hypertriglyceridemic normoapoB, and hypertriglyceridemic hyperapoB (Fig. 1B) . Fig . 1A shows the phenotype frequencies, which are based on triglycerides and apoB, whereas Fig. 1B shows the phenotype frequencies, which are based on triglycerides and LDL cholesterol. Using the conventional approach, 35.7% were normal, 10.2% had type IIA, 41.3% had type IV, and 12.8% had type IIB. In total, 23% had abnormal LDL, as evidenced by increased LDL cholesterol. The corresponding results using triglycerides and apoB to identify phenotypes are shown in Fig. 1A : 34.1% of the total cohort were normal and 9.2% were normotriglyceridemic hyperapoB. Just over one-quarter had hypertriglyceridemic normoapoB, whereas just under one-third had hypertriglyceridemic hyperapoB. Thus, 40% of the cohort had an elevated LDL particle number and therefore abnormal LDL. Thus, whereas the conventional approach suggested that only 23% of the cohort had abnormal LDL, the approach based on apoB indicated that twice as many had abnormal LDL. Of interest, there was a trend, which was not statistically significant, for hypertriglyceridemic hyperapoB to be more common in women than in men. On the other hand, significantly more men than women had a normal phenotype (P ϭ 0.006).
The lipid, lipoprotein lipid, apoprotein, and LDL peak particle size results for each phenotype are shown in Table 2 . For the normal group, the levels of total, LDL, and HDL cholesterol were well within their respective normal ranges (13) . LDL size, as judged by peak size, was also normal. Therefore, by specifying that two parameters, plasma triglycerides and apoB, be normal, all of the others were normal as well.
In both hypertriglyceride groups, HDL cholesterol was reduced, and small dense LDL particles were present. The mean LDL cholesterol in the group with hypertriglyceridemic hyperapoB was 3.91 mmol/l, a value just below the 75th percentile of the population (13) . By contrast, the mean apoB was 145 mg/dl, a value approximating the 95th percentile of the population (10, 11) . At the same time, these subjects also had small dense LDL particles as well as hypertriglycerides and low HDL cholesterol.
CONCLUSIONS -Much more attention in type 2 diabetes has been paid to VLDL and HDL particles than to LDL particles. The major findings of this study oppose such a view. Forty percent of our subjects had elevated apoB and therefore elevated LDL particle number (2) . Most of these subjects also had small dense LDL particles. By contrast, the conventional LDL cholesterol-based approach identified only 23% of the cohort as having abnormal LDL particles, a major difference in diagnostic outcome. In this regard, the present study supports the recent report of Wagner et al. (3), who were the first to examine dyslipidemic phenotypes in type 2 diabetes while incorporating apoB.
Our data extend their results in two regards. First, in our study, LDL particle size was directly measured, and the data indicate that small dense LDL particles were present in both hypertriglyceridemic groups. Second, we analyzed phenotypes based on triglycerides and apoB as well as on the conventional approach to further characterize the overall cohort. Using the method based on triglycerides and apoB, we observed that 30% of our cohort had hypertriglyceridemic hyperapoB and that the average apoB in this group was at the 95th percentile of the general population.
The extent of the abnormalities in type 2 diabetic subjects with hypertriglyceridemic hyperapoB is noteworthy. Not only is LDL particle number markedly increased, but LDL composition is altered in a proatherogenic direction, in that small dense LDL particles are present in this syndrome (2) . In addition, in this group, HDL cholesterol was low and plasma tri- glycerides were high. On their own, such abnormalities would be expected to increase the risk of vascular disease. It is of interest that significantly more men than women were normal, a difference that might explain, at least in part, the higher coronary event rates in women with type 2 diabetes than in men (14) . The extent to which these results can be extended to other patients depends on whether this cohort is characteristic of type 2 diabetes in general. In the sense that all the subjects were treated with insulin, it is not. However, given that insulin, at least acutely, reduces VLDL secretion (2), there is no a priori reason to believe that dyslipidemia should be more extreme than usual. More importantly, a number of studies have shown that small dense LDL particles are common in type 2 diabetes (2) and that apoB levels, on average, are elevated in type 2 diabetes (3-5). The overall results of our study are in accord with these reports, and the subgroup analysis, we believe, extends them.
Because the amount of cholesterol per LDL particle can vary substantially, LDL cholesterol is not a reliable index of LDL particle number (2) . By contrast, each VLDL particle contains one molecule of apoB, which remains with that particle for its biologic lifetime. Therefore, plasma apoB is an exact measure of the total number of VLDL and LDL particles (2) . Of the total apoB, Ͼ90% are LDL particles or, more precisely, intermediate-density lipoprotein (IDL) and LDL particles, just as LDL cholesterol is the sum of the cholesterol in the IDL and LDL fractions. This remains true even in hypertriglyceridemia; therefore, total plasma apoB is a reliable surrogate for LDL particle number (2) .
Statins are becoming an increasingly popular therapy for patients with type 2 diabetes because their LDL cholesterol levels, although normal, are above target levels. It is important to note, therefore, that on-treatment LDL cholesterol was predictive of outcome in only one of the clinical trials or observational studies of statin therapy. That study was the Scandinavian Simvastatin Survival Study (15) , in which the patients had the highest levels of LDL cholesterol in any of the clinical trials. By contrast, on-treatment apoB was predictive in the four clinical trials and observational studies from which data were available (15) (16) (17) (18) .
In summary, the present results strongly indicate that major abnormalities in LDL particle number and composition are frequently present in patients with type 2 diabetes, and the extent of the abnormality is only evident if apoB is measured in addition to the standard lipid profile. These findings may explain, at least in part, the markedly accelerated atherogenesis that occurs in some patients with type 2 diabetes.
